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An electrical diagnostic circuit and testing method is dis 
closed. In one embodiment, the electrical diagnostic circuit 
for testing an integrated circuit includes a number of external 
inputs, a plurality of essentially similar, series-connected 
switching units and a circuit output. The switching units are 
constructed to be controllable in such a manner that an input 
signal present at the internal input of the switching unit, in 
dependence on a control signal of the switching unit, can 
either be forwarded unchanged to the internal input of the 
switching unit in each case arranged downstream, or can be 
combined with the test signal in each case present at the 
external input. 
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ELECTRICAL DIAGNOSTIC CIRCUIT AND 
METHOD FOR THE TESTING AND/OR THE 

DIAGNOSTIC ANALYSIS OF AN 
INTEGRATED CIRCUIT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This Utility Patent Application claims the bene?t of the 
?ling date ofApplication No. DE 103 38 922.9, ?ledAug. 20, 
2003 and International Application No. PCT/DE2004/ 
001799 ?led Aug. 11, 2004, both of Which are herein incor 
porated by reference. 

FIELD OF THE INVENTION 

The invention relates to an electrical diagnostic circuit and 
to a method for the testing and/or the diagnostic analysis of an 
integrated circuit. 

BACKGROUND 

Due to the high degree of integration of modem sequential 
circuits, the test and the diagnostic analysis of such circuits 
requires great effort. In the test of electronic test circuits, test 
patterns are usually applied to the input contacts of the cir 
cuits to be tested and the test responses of the circuits are 
analyZed. 

In this context, it is conceivable to combine or to compact, 
respectively, the test responses of the circuits to be tested in a 
multi-input signature register to form a signature. The signa 
ture thus obtained is compared With the error-free signature, 
for example previously obtained by means of a simulation, in 
the tester used for testing such integrated circuits. When the 
tWo signatures match, the integrated circuit is free of errors. If 
the tWo signatures differ, the tested circuit is faulty. 

If an integrated circuit is identi?ed as faulty during such a 
test, it is expensive and time-consuming to accurately locate 
the faulty memory cells or the faulty elements of this inte 
grated circuit. To identify the faulty memory cells or the 
faulty circuit elements, respectively, often time-consuming 
and costly 100% tests must therefore be performed by diag 
nostic analysis folloWing such combinational test methods. 

For these and other reasons, there is a need for the present 
invention. 

SUMMARY 

The present invention provides an electrical diagnostic 
circuit and a method for the testing and for the diagnostic 
analysis of an integrated circuit by means of Which data of the 
circuit to be diagnosed, Which are output With errors, can be 
reliably noticed and rapidly and accurately located. 

The invention relates to an electrical diagnostic circuit for 
the testing and/or the diagnostic analysis of an integrated 
circuit. In one embodiment, this electrical diagnostic circuit is 
also called a compactor. 

This compactor can be provided on any plane of abstrac 
tion or on any test equipment plane, respectively, on all pos 
sible circuits or devices. In particular, it is possible to con 
struct this compactor on the actual integrated circuit to be 
tested and/ or to be diagnosed, as a result of Which a so-called 
built-in self test of the integrated circuit becomes possible. 

The compactor includes a plurality of external inputs for 
receiving digital output values of an integrated circuit to be 
tested or to be diagnosed. In the text Which folloWs, these 
output values are also called test signals or test data. The 
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2 
external inputs of the compactor can be applied directly to 
correspondingly digital outputs of scan paths of such an inte 
grated circuit. 

Furthermore, the electrical diagnostic circuit according to 
the invention comprises a plurality of essentially similar 
sWitching units arranged in series. Each of these sWitching 
units is connected to in each case one external input and can 
receive test signals from an integrated circuit. 

Furthermore, each sWitching unit in each case comprises 
an internal input for an input signal from a sWitching unit 
arranged upstream and/or for a signal fed back Which, in 
particular, is fed back to this internal input from a doWnstream 
sWitching unit. 
The sWitching units can be activated by a control signal in 

such a manner that an input signal present at the internal input 
is forWarded either unchanged to the internal input of the 
sWitching unit arranged doWnstream in each case and/ or fed 
back unchanged to an internal input of a sWitching unit 
arranged up stream, or is combined With the test signal in each 
case present at the external input and the combination value 
determined from this combination is forWarded to the internal 
input of the sWitching unit in each case arranged doWnstream 
and/or is fed back to the internal input of a sWitching unit 
arranged up stream. 
The compactor also has a circuit output for outputting a 

digital output value. 
A number of sWitching units connected in series according 

to the invention form a shift register. A shift register, in Which 
output values are fed back both to the start of the shift register 
and betWeen individual sWitching units of the shift register 
can also be called shift registers of the ?rst type. Shift regis 
ters in Which feedback alWays takes place to the start of the 
shift register are also called shift registers of the second type. 
In this context, it is possible so that it is not only the output 
values of the shift register but also values located betWeen the 
individual sWitching units that are fed back to the start. 

According to one embodiment of the invention, the indi 
vidual sWitching units can be selectively activated in such a 
manner that the test signals of the electrical circuit to be tested 
and/or to be diagnosed, present at the respective external 
inputs, are processed by the sWitching units or are optionally 
blanked out and not taken into consideration. In this arrange 
ment of the compactor according to the invention, it is not 
provided to replace test signals present at the external inputs 
by ?xed values or by the value 0, respectively. Instead, the test 
signals present at the external inputs are selectively blanked 
out. 

If the subsequent tester ?nds at least one errored test signal 
on at least one external input, the faulty scan cell or faulty 
memory cell or faulty element of the integrated circuit tested 
can be determined accurately by a suitable sequence of test 
runs in Which individual test signals are selectively not 
detected by the compactor. 

According to one embodiment of the invention, the test 
signals output in parallel on the scan paths are considered as 
information bits of a linear error-correcting code. By selec 
tively blanking out scan paths, the k control bits of an error 
correcting code are output in k runs at the output of the 
compactor Without feedback during the diagnostic analysis. 
As a result, the errored scan cells can be accurately deter 
mined. Due to the capability of being able to correct a par 
ticular number of errors Within a data range by means of the 
control bits, these errors can also be accurately located. 

If, in an advantageous development of the invention, only 
the signature of the compactor and not its output are consid 
ered for each of the k runs, the errored scan paths can be 
diagnosed. The number of control bits increases logarithmi 
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cally With the number of scan paths. The number of control 
bits is optimal in the sense of the coding theory knoWn to the 
expert. 

In a ?rst embodiment of the compactor, each switching unit 
comprises one gate each, particularly an exclusive OR gate, 
one multiplexer each and one storage unit each. Each external 
input leads to one input each of the exclusive OR gate. 

Each internal input of the sWitching unit leads to a ?rst 
input of the multiplexer and, in parallel, to a second input of 
the exclusive OR gate. The output of the exclusive OR gate is 
connected to the second input of the multiplexer. The ?rst 
input of the multiplexer is here selected as a Zero input and the 
second input of the multiplexer is selected as the one input. 
The output of the multiplexer is connected to one input of the 
storage element. The output of the storage element also rep 
resents the output of the sWitching unit. 

Such a compactor enables the values Which are to be read 
by the storage elements in the next clock cycle in each case to 
be internally activated. The provision of multiplexers enables 
the storage elements to store either the value of the preceding 
storage element or the value Which is obtained from the 
exclusive OR combination of the value of the storage element 
arranged upstream and the test signal present at the associated 
external input in each case. This embodiment of the compac 
tor is a variant Which operates particularly reliably and is 
inexpensive to produce. 

The selection of Which test signals of Which external inputs 
of the compactor are to be subjected to an exclusive OR 
combination and for Which test signals of Which inputs such 
an OR combination is to be omitted, can be effected in that the 
internal input of the sWitching unit is connected, in depen 
dence on the control signal, by the ?rst input of the multi 
plexer or by the exclusive OR gate and the second input of the 
multiplexer to the input of the storage element of the sWitch 
ing unit. Such selective combinations and suppressions can 
be implemented particularly advantageously by means of 
controllable multiplexers. 

According to a further embodiment of the invention, the 
compactor also comprises a controllable feedback unit Which 
is connected to the circuit output and by means of Which the 
output value can be fed back to at least one internal input of a 
sWitching unit. The controllability of the feedback unit 
ensures that the values present at the circuit output are only 
fed back When this is Wanted. OtherWise, the compactor 
according to the invention operates like a normal shift register 
Without feedback. Equipping a compactor according to the 
invention With such a controllable feedback unit extends its 
functionality. 

The feedback unit can be constructed as a controllable gate, 
particularly as a controllable AND gate and have a control 
signal input. When a predetermined value, particularly the 
value one, is present at this control signal input, the output 
value of the compactor is fed back to one or more internal 
inputs of the sWitching units. The compactor according to the 
invention can thus also be operated in the compacting mode in 
Which the signature of the compactor can be reliably calcu 
lated. 

According to an advantageous development of the inven 
tion, the sWitching units of the electrical diagnostic circuit can 
in each case have at least tWo, particularly series-connected 
storage units. The output of the last storage unit in each case 
of each sWitching unit then also forms the output of the 
relevant sWitching unit. Thus, even more storage elements are 
available for temporarily storing the test signals. 

It is also advantageous if one or more storage units, in each 
case connected in series, are placed directly preceding the 
compactor output or also betWeen individual sWitching units. 
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4 
According to a further embodiment of the invention, the 

feedback unit also has an exclusive OR gate, the inputs of 
Which are formed by feedback lines Which in each case 
branch off after at least one sWitching unit. In this arrange 
ment, the output of the exclusive OR gate is connected to one 
input of the controllable gate. This advantageous embodi 
ment of the compactor according to the invention forms a shift 
register of the second type. In this arrangement, values from 
a number of sWitching units can be combined and fed back to 
the start of the compactor according to the invention. 

If the feedback unit additionally has a further controllable 
gate, the inputs of Which are formed by a further control signal 
input and by the output of the last sWitching unit of the 
compactor, and the output of Which forms the compactor 
output, it is possible to deal correctly With indeterminate 
values or X values. Such X values frequently occur in the 
testing of integrated circuits and cannot be predicted. Provid 
ing the further controllable gate reliably prevents the state and 
the signature of the compactor becoming indeterminate on 
occurrence of such X values, Whereby no further reliable 
statement about the operability of the integrated circuit tested 
or diagnosed is possible. This is because such indeterminate 
values are set to a certain value by the further controllable 
gate, the result being that the state of the compactor and also 
the output values of the compactor remain predictable. 
The further controllable gate can in this case be constructed 

as controllable AND gate, as controllable OR gate, as con 
trollable NAND gate or as controllable NOR gate. In the case 
of a controllable AND gate, the value of the control signal 
must be set to Zero and in the case of a controllable OR gate 
the value must be set to one, in the case of the occurrence of 
an X value. 

In shift registers of the second type, further gates, particu 
larly further exclusive OR gates, can be located betWeen 
sWitching units in each case arranged in series. The output 
value present in each case at the circuit output can be con 
ducted to this further gate or these further gates as a result of 
Which a feedback according to the shift register of the ?rst 
type can be achieved. Using a compactor of this type of 
construction, errored scan cells can be determined rapidly and 
reliably. 

According to a variant of the compactor according to the 
invention, the ?rst sWitching unit can be constructed differ 
ently from the remaining storage units already described and 
comprise only one AND gate and one storage unit. In this 
arrangement, the ?rst external input is connected to the ?rst 
input of the AND gate, a control line is connected to the 
second input of the AND gate and the output of the AND gate 
is connected to the storage unit. The output of the storage unit 
forms the output of the ?rst sWitching unit. In this variant, the 
remaining sWitching units of the compactor are present in one 
of the embodiments already described. Using a compactor 
according to the invention constructed in this manner, inte 
grated circuits can be reliably tested. 

In a further embodiment of the invention, the output of the 
last sWitching unit is connected to a shift register With linear 
feedback. The shift register With linear feedback contains an 
exclusive OR gate, a number of series-connected storage 
elements and at least one feedback line branching off after a 
storage element, Which leads/lead to in each case one input of 
the exclusive OR gate. The ?rst storage element is connected 
to the output of the exclusive OR gate. Using a compactor 
having such a shift register, integrated circuits can also be 
reliably tested. 

According to an advantageous development, the compac 
tor has a selection circuit at its inputs for its control. 
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The invention also relates to an integrated circuit to be 
tested and/or to be diagnosed on Which a compactor in one of 
the embodiments described above is contained, particularly 
in addition to the normal circuit, virtually as an add-on. In this 
arrangement, the compactor is monolithically integrated on 
the integrated circuit or on the semiconductor component. 

The invention also relates to a probe card for testing inte 
grated circuits in Which a compactor is integrated in one of the 
embodiments described above. 

The invention also relates to a tester-related load board 
With test sockets for inserting integrated circuits or for receiv 
ing such a probe card or for connecting a handler, at least one 
compactor being integrated on the load board in one of the 
embodiments described above. Such a load board can also be 
called an adapter board. 

The invention also relates to a measuring device or a tester, 
respectively, With measuring sensors, for example for cur 
rents and for voltages and With instruments for generating 
digital signals or datastreams. In this arrangement, at least 
one compactor in one of the embodiments described above is 
contained in the measuring device. 

According to a further basic concept of the invention, the 
compactor according to the invention in all the embodiments 
described above can be provided simply and in a very space 
saving manner on all possible circuits or devices on any plane 
of abstraction or on any measuring device plane, respectively. 
This Will not impair its operation. The actual embodiment of 
the subject matters described above With such a compactor 
can be carried out by the expert completely and unambigu 
ously from the information contained in this patent speci? 
cation and from his technical knowledge. It is only necessary 
to observe that the compactor must be mounted additionally 
to the circuit contained on the subject matters mentioned 
above in each case. 

The invention also relates to a method for testing and/or for 
diagnosing an integrated circuit. 
A compactor is ?rst provided Which has n external inputs 

for receiving test data of n parallel datastreams of an inte 
grated circuit to be tested and/ or to be diagnosed and Which is 
capable of generating signatures from the received test data. 
The test data present at the n external inputs are included or 
not included selectively in the generation of the signatures via 
sWitching units. 

Accordingly, the compactor is connected to the integrated 
circuit to be tested and/or to be diagnosed in such a manner 
that the n inputs of the compactor are present at the n outputs 
of the scan paths of the integrated circuit. 

FolloWing this, a control signal is applied to the sWitching 
units so that the input signals present at the internal inputs of 
the sWitching units are combined With the test signals present 
in each case at the external inputs and that the combination 
values determined in each case from these combinations are 
forWarded to the internal inputs of the sWitching units in each 
case arranged doWnstream. 

The test signals of the datastreams are then processed by 
the compactor in one or more test runs to form a signature. 
During this process, a number of successive test runs are 
performed, a neW signature being generated in each test run. 
The test data of the integrated circuit to be tested and/or to be 
diagnosed are processed to form a one-bit-Wide datastream at 
the output of the compactor, Which is also called the output 
signature. 
The tester then checks the data Words for correctness by 

comparing the signatures determined by the compactor With 
the correct signatures stored in the tester or generated by the 
tester, for example by simulation. In this process, the one-bit 
Wide datastream stored in the tester or determined in a tester 
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6 
is compared With the one-bit-Wide datastream in each case 
present at the output of the compactor. 

If the tester ?nds one or more errored signatures, the fol 
loWing diagnostic steps are performed. The time at Which the 
performance of these diagnostic steps is begun is selected 
differently. Carrying out the diagnostic steps can be begun 
immediately after a single errored signature is found, after a 
predetermined number of errored signatures is found or only 
after all test runs have ended. 

In the diagnostic mode, k successive test runs are per 
formed. In each case, only those data, present at the input E1 
of the n datastreams in the jth run are included in the com 
pacting in the electrical diagnostic circuit if the binary coef 
?cient an]. of the equations for determining the control points 
of a linear separable error-correcting code With n information 
points ul, . . . ,un and Withk control points v1, . . . , vkis equal 

to one. In contrast, those data of the n datastreams present at 
the input E in Which the binary coe?icient al-J- assumes the 
value Zero are not included in the compacting in the jth run. 
The k control points v1, . . . , vk are determined by the k 

binary equations 

from the n information points. This information enables an 
expert easily to determine the information points ul, . . . , u” 

and the control points v1, . . . , vk from the test data and from 

the signatures. 
From the control points (vk) and from the information 

points (un), the expert can then determine the errored ele 
ments, particularly the errored values and the correct values 
of the faulty cells of the integrated circuit. 
The method according to the invention makes it possible to 

locate the test signals of the diagnosed circuit output With 
errors by means of the signatures, using information and 
control points. The method according to the invention is gen 
erally suitable for the circuit test by means of parallel datas 
treams and can be applied particularly Well in integrated 
circuits With scan paths. 

According to the invention, those cells and scan cells of the 
integrated circuit in Which test signals With errors have 
occurred during the test can be located accurately and rapidly 
by means of the compacted data. This determination of the 
faulty cells is performed by comparing the control points 
generated according to the above rule With control bits Which 
are stored in the tester or Which are determined in the tester by 
simulation. In such a comparison, the syndrome is generated 
from Which the errored information point can be unambigu 
ously determined. The method according to the invention can 
be ?exibly adapted to the frequency and to the distribution of 
errors to be expected. The method according to the invention 
can be used for performing a 100% diagnostic analysis in the 
course of production, Which supplies distinctly better results 
than sampling checks. The expenditure, the speed and the 
costs for such a check are optimiZed When the method accord 
ing to the invention is used. 
A further advantage of the method according to the inven 

tion lies in the reduction of the data volume needed for deter 
mining the failing elements or scan elements, both in the 
reduction of the data to be recorded for the integrated circuit 
to be tested and in the reduction of the design data of the 
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integrated circuit, to be stored for the fault location. It is also 
particularly advantageous that the method according to the 
invention is error-independent, ie that no individual settings 
are necessary for being able to calculate back to a particular 
error. 

The method achieves its highest performance if a large 
number of errors are to be determined Within a particular test 
area, especially since the method calculates all errors in an 
interval Without additional expenditure. In parallel tests With 
a very high degree of parallelity, all integrated circuits can be 
dealt With identically and thus diagnosed at the same time. 

This case is given in the test of integrated circuits by means 
of scan paths for the ?rst n test vectors. In the practical 
application of the method according to the invention, it Was 
possible to con?rm that a high number of integrated circuits 
couldbe diagnosed suf?ciently Well With the failures from the 
?rst n test vectors. The method according to the invention can 
thus be used for data generation accompanying production 
for analyZing failure causes. 
Due to the fact that the design-speci?c data needed for 

calculating back are reduced, the use of on-line analysis pro 
grams or on-line analysis tools on the tester can be facilitated 
during the evaluation and ramp-up phase. The necessary data 
can also be kept Within the productive test program. This 
obviates the need for a special analysis program. 

The method can also be applied to a design Which contains 
a number of structures of multi-input signature registers since 
the feedbacks of the multi-input signature registers are dis 
connected during the diagnostic analysis and thus the indi 
vidual multi-input signature registers can be connected 
together to form one large multi-input signature register. 

In the method according to the invention, the compactor 
can be formed on any plane of abstraction and measuring 
equipment, as described, and be present on the circuit to be 
tested and/or to be diagnosed itself, on the probe card, on the 
load board or on the tester. This results in a rapid and reliable 
conduct of the process With accurate test and diagnostic 
results. 

According to an advantageous embodiment of the method 
according to the invention, the sWitching units can be acti 
vated by means of a control signal, before the test data are 
detected and processed, in such a manner that the input sig 
nals present at the internal inputs of the sWitching units are 
combined With the test data in each case present at the exter 
nal inputs and that the combination values in each case deter 
mined from these combinations are forWarded to the internal 
inputs of the sWitching units in each case arranged doWn 
stream. In this process, in particular, all control signals cl-J- of 
the multiplexers can be selected to be one. This ensures that 
?rst the actual signatures of the circuit to be tested and/or to be 
diagnosed are determined from the datastreams. 

If the compactor has a feedback unit, this can be activated, 
according to the invention, in such a manner that no values are 
fed back. 

In one embodiment, t is particularly advantageous if the 
method of the diagnostic mode is performed as folloWs. 

Carrying out k successive test runs, a control point (vk) 
being determined With each run in accordance With the rule 
already speci?ed from the information points (un) until all 
control points (vk) have been determined. The coe?icients an]. 
assume the values Zero or one. The sWitching units of the 
electrical diagnostic circuit are controlled in such a manner 
that the test data present at the jth external input (E) in the ith 
run are only subjected to a combination in the sWitching units 
if the control signal cl-J- assumes the value one. The control 
signal cl-J- assumes the value Zero if the associated coe?icient 
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al-J assumes the value Zero or if an indeterminate value in the 
datastream is to be blanked out. 
The method step of the diagnostic mode can also be 

executed as folloWs. 
Carrying out k successive test runs, the control of the 

sWitching units of the electrical diagnostic circuit being con 
trolled in accordance With the binary coef?cients an]. of the 
equations for determining the control points v1, . . . , vk of a 

linear separable error-correcting code With n information 
points ul, . . . , u” and With k control points v1, . . . , vk, in such 

a manner that the test data present at the jth external input (E) 
in the ith run are only subjected to a combination in the 
sWitching units of the electrical diagnostic circuit When the 
binary control signal ciJ assumes the value one. 

In an advantageous development of the method according 
to the invention, the multiplexers of the sWitching units are 
controlled by the control signal. 
The method according to the invention can also be used for 

testing and/or for the diagnostic analysis of printed board 
assemblies or of circuit boards. In this arrangement, the same 
advantages are essentially obtained Which are also obtained 
during the test and/ or during the diagnostic analysis of inte 
grated circuits. 
The invention is also realiZed in a computer program for 

carrying out the method for testing and/or for diagnosing an 
integrated circuit. The computer program contains program 
instructions Which cause a computer system to execute such a 
method in an embodiment described above. In this context, in 
particular, the method steps beginning With controlling the 
sWitching units or beginning With controlling the feedback 
unit are controlled by means of a computer system or per 
formed on a computer system itself. As a result, the computer 
program outputs the faulty cells or scan cells of the tested and 
diagnosed integrated circuit on an output unit, particularly on 
a screen or on a printer. If the computer program according to 
the invention has not found any errors in the diagnosed inte 
grated circuit, a message about the full functionality of the 
integrated circuit is output. 
The computer program according to the invention can be 

used for testing integrated circuits rapidly, effectively and 
reliably. 

The invention also relates to a computer program Which is 
contained on a storage medium, particularly in a computer 
memory or in a random access memory or Which is transmit 
ted on an electrical carrier signal. The invention also relates to 
a carrier medium, particularly a data storage medium such as 
a ?oppy disk, a Zip drive, a streamer, a CD or a DVD on Which 
a computer program described above is stored. Furthermore, 
the invention relates to a computer system on Which such a 
computer program is stored. Finally, the invention also relates 
to a doWnloading method in Which such a computer program 
is doWnloaded from an electronic data netWork such as from 
the Internet, to a computer connected to the data netWork. 

The folloWing approach can be used as an estimation of the 
test time saved by the method according to the invention: 
assuming a semiconductor chip With 500 000 ?ip?ops Which 
are divided into 2 000 scan chains of 250 scan ?ip?ops each. 
The test data are compressed by means of a multi-input sig 
nature register. Assuming that, due to the degree of parallelity, 
tWo semiconductor chips share one pattern generator (i.e., 2 
semiconductor chips can be stimulated independently of 
other semiconductor chips). At a shift frequency of 50 MHZ, 
the pattern run time of 100 scan loads is 0.5 ms. The pattern 
start time is 1 ms Which is a current value of the production 
testers I750, 1971. If 20 errors are to be detected in the 100 
scan loads, the pattern Would have to be started 40 times in 
conventional methods, a reduced number of scan elements is 
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read out at the failure points and then the pattern is discon 
tinued. Assuming half the pattern run time on average for the 
application time of these 40 repetitions, the pattern run time 
for the diagnostic analysis is 50 ms (40*l.25 ms) and in 
addition, 20*2 000:40 000 values Would have to be read from 
the memory. To arrive at reasonable read times of the error 
information, the tester Would very probably have to be 
equipped With a special memory MTO since the standard 
error memory only comprises 256 vectors. The time for stor 
ing the data shall be neglected here for reasons of lacking 
data. In general, read/Write accesses are rather time consum 
ing. The proposed method only needs one pattern generator in 
the entire test system. Because of the logarithmic dependence 
on the MISR length, the scan test Would only have to be 
started log2(2 000):ll times, 3*log2(2 000):33 times With a 
reduced error probability of the method. The pattern run time 
of the diagnostic analysis is ll*l.5:l6.5 ms or 49.5 ms, 
respectively, and a total of 20*11I220 or 660 values Would 
have to be stored and read Which is Why no MTO is used. 
Apart from saving test time, the requirements of the proposed 
method for the test system are also much loWer. 

In summary, it can be stated that the invention relates to a 
method and to an arrangement for compressing test data 
and/or diagnostic data of a circuit having n outputs A0, . . . , 

An_l by using a linear separable and error-correcting block 
code Withn information points uO, . . u 1 and Withk control 

points v0, . . . , vk_l. The control points are determined by the 

equation 

from the information points and the coef?cients al-J, léiék, 
léjén assume the values Zero or one. The n circuit outputs 

A1, A2, . . . , A” of the circuit to be tested and/or to be 
diagnosed are connected to n inputs E1, . . . , En of a controlled 

compactor C having at least n inputs and m outputs in k 
successive runs. It holds true that mil. In the k successive 
runs, the controlled compactor, depending on the binary con 
trol signals Cl-J, léiék, léj in present on its control lines, 
does not include the value present at its jth input E]. in each 
case in the ith run in the compacting if the control signal cl-J 
assumes the value Zero. If the coe?icient an]. in the system of 
equations for determining the control point vi of the linear 
separable block code assumes the value Zero, the control 
signal cl-J- is equal to Zero. In the k successive runs, the same 
data are in each case output from the circuit to be tested and/or 
to be diagnosed. To determine the errored outputs of the 
circuit to be tested and/or to be diagnosed, the data actually 
obtained and compacted by the controlled compactor are 
compared With the compacted correct data for the error-free 
circuit in the k successive runs. The compacted correct data 
for the error-free circuit can be determined by circuit simu 
lation as is usual in the design of electronic circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings are included to provide a 
further understanding of the present invention and are incor 
porated in and constitute a part of this speci?cation. The 
draWings illustrate the embodiments of the present invention 
and together With the description serve to explain the prin 
ciples of the invention. Other embodiments of the present 
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10 
invention and many of the intended advantages of the present 
invention Will be readily appreciated as they become better 
understoodby reference to the folloWing detailed description. 
The elements of the draWings are not necessarily to scale 
relative to each other. Like reference numerals designate cor 
responding similar parts. 

The invention is illustrated in greater detail in the draWings 
With reference to an exemplary embodiment. 

FIG. 1 illustrates a ?rst compactor circuit of a ?rst control 
lable compactor. 

FIG. 2 illustrates a second compactor circuit of a second 
controllable compactor. 

FIG. 3 illustrates a third compactor circuit of a further 
controllable compactor. 

FIG. 4 illustrates a fourth compactor circuit of a further 
controllable compactor and a diagrammatic representation of 
scan paths, connected to the controllable compactor, of an 
integrated circuit. 

FIG. 5 illustrates a ?fth compactor circuit of a further 
controllable compactor. 

FIG. 6 illustrates a sixth compactor circuit of a further 
controllable compactor. 

DETAILED DESCRIPTION 

In the folloWing Detailed Description, reference is made to 
the accompanying draWings, Which form a part hereof, and in 
Which is shoWn by Way of illustration speci?c embodiments 
in Which the invention may be practiced. In this regard, direc 
tional terminology, such as “top,” “bottom,” “front,” “back,” 
“leading,” “trailing,” etc., is used With reference to the orien 
tation of the Figure(s) being described. Because components 
of embodiments of the present invention can be positioned in 
a number of different orientations, the directional terminol 
ogy is used for purposes of illustration and is in no Way 
limiting. It is to be understood that other embodiments may be 
utiliZed and structural or logical changes may be made With 
out departing from the scope of the present invention. The 
folloWing detailed description, therefore, is not to be taken in 
a limiting sense, and the scope of the present invention is 
de?ned by the appended claims. 

FIG. 1 illustrates a ?rst compactor circuit 10 of a ?rst 
controllable compactor. 
The controllable compactor shoWn in FIG. 1 is a modi?ed 

signature register of second type according to document L. 
Voelkel and J. Pliquet: Signaturanalyse, Akademie-Verlag, 
Berlin, 1988. 
The ?rst compactor circuit 10 can also be called a modi?ed 

multi-input signature register and comprises n inputs E1, E2, 
E3, . . . , E” and an output 116. The ?rst compactor circuit 10 

furthermore comprises n storage elements D1, D2, D3, . . . , 

Dn_l, D”; nmultiplexers MUXI, MUX2, MUX3, . . . , MUXn; 
n exclusive OR gates XORl, XOR2, XOR3, . . . , XOR” and a 
further exclusive OR gate XOR'3. OR gates designated by 
XOR in the text Which folloWs, alWays represent exclusive 
OR gates. 
The multiplexers MUXl-MUXn in each case have a Zero 

input and a one input and in each case a control input 117-120 
at Which a binary control signal cl, c2, c3, . . . , c” is in each case 

present. The inputs E 1 -En in each case lead to the ?rst input of 
the OR gates XORl-XORn. The compactor output 116 is 
attached to the output of the storage element D”. Furthermore, 
a ?rst controlled AND gate 115 is provided, the ?rst input of 
Which branches off from the compactor output 116 and the 
second input of Which is formed by an external ?rst control 
signal input 123 Which carries the control signal d. The output 
of the ?rst controlledAND gate 115 is formed by the feedback 



US 7,814,384 B2 
11 

line 121 Which is conducted to the Zero input of the ?rst 
multiplexer MUXl and to the second input of the ?rst OR gate 
XORl . A second feedback line 122 branches off from the ?rst 
feedback line 121 to the second input of the OR gate XOR'3. 

According to one embodiment of the invention, feedback 
lines are in each case conducted to the second input of an OR 
gate XOR'i, the ?rst input of Which is connected to the output 
of the upstream storage element DZ-_ 1 and the output of Which 
is connected to the Zero input of the doWnstream multiplexer 
MUX 1 and, in parallel, via the doWnstream OR gate XOR 1, to 
the one input of the doWnstream multiplexer MUXi. If, for 
example, it is intended to implement a shift register With 
linear feedback and of maximum length for an actual value n, 
the required feedback lines are determined by the coef?cients 
of a primitive feedback polynomial of degree n as is 
described, for example, in document P. H. Bardell, W. H. 
McAnney and J. Savir: “Built-In Test for VLSI: Pseudoran 
dom Techniques”, NeW York, 1987, pp. 285-287. The exact 
selection of feedback lines is knoWn to an expert and Will not 
be explained further here. 

The output of the ?rst OR gate XORl is conducted to the 
one input of the ?rst multiplexer MUXl. The output of the 
?rst multiplexer MUXl leads to the ?rst storage element D1, 
the output of Which is connected to the Zero input of the 
second multiplexer MUX2 and to the second input of the 
second OR gate XOR2. The output of the second OR gate 
XOR2 is connected to the one input of the second multiplexer 
MUX2. The output of the second multiplexer MUX2 is con 
nected to the second storage element D2. 

The inputs of the OR gate XOR'3, Which directly folloWs 
the second storage element D2, are connected to the output 
lines of the second storage element D2 and to the second 
feedback line 122. The output line of the OR gate XOR'3 is 
connected to the Zero input of the third multiplexer MUX3 
and, in parallel, to the ?rst input of the third OR gate XOR3, 
the output of Which is connected to the one input of the third 
multiplexer MUX3. 

The output of the third multiplexer MUX3 is connected to 
the third storage element D3. This type of series-connection 
of the OR gates XOR, of the multiplexers MUX and of the 
storage elements D is correspondingly constructed for the 
further elements XOR4, . . . , XOR”; MUX4, . . . , MUXn and 

D4, . . . , D”. 

If the control signal dIl is applied to the ?rst control signal 
input 123, the feedback logic is sWitched on. If the value dIO 
is selected at the ?rst control signal input 123, the output of 
the storage element D” is not fed back. 

If the control signal cl- of the multiplexer MUXZ- assumes the 
value Zero, the value stored in the previous storage element 
Dl-_l is transferred in the next clock cycle into the storage 
element DZ- via the multiplexer MUXZ- and the value present at 
the input E of the multiplexer MUXZ- is not forWarded. 

Thus, the value present at input E is not replaced by a ?xed 
value, for example by the value Zero, Which Would not have 
any effect in the combination performed in the corresponding 
OR gate XOR. Instead, if a control value ciIO is present at the 
control line of a multiplexer MUXi, there is no connection 
from the input E to the doWnstream storage element Di. 

The parallel feedback of the output signal of the storage 
element D” via the feedback lines 121 and 122 operates as 
folloWs. 

If the control line 119 of the third multiplexer MUX3 
carries the control signal c3:l, the output signal of the storage 
element D” is fed back via the feedback line 122, via the OR 
gate XOR'3, via the third OR gate XOR3 and via the third 
multiplexer MUX3 into the third storage element D3. If, in 
contrast, the control input 119 of the third multiplexer MUX3 
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12 
carries the control signal c3:0, the output signal of the storage 
element D” is fed back via the OR gate XOR'3 and via the 
multiplexer MUX3. 

If the control input 117 of the ?rst multiplexer MUXl 
carries the control signal c 1:0, the output signal of the storage 
element D” is fed back via the ?rst feedback line 121 and via 
the ?rst multiplexer MUXl into the ?rst storage element D1. 
If the control signal c 1 on the ?rst control line 117 assumes the 
value one, in contrast, the output signal of the storage element 
D” is fed back via the ?rst OR gate XORl and via the ?rst 
multiplexer MUXl into the ?rst storage element D1. 

If all control lines 117-120 carry the control signals cl, 
c2, . . . , cn:l and if additionally the control signal dIl is 
present at the ?rst control signal input 123, the controllable 
compactor operates via a multi-input signature register With 
linear feedback. 

If all control lines 117-120 carry control signals cl, 
c2, . . . , cn:0 at a particular time and if, at the same time, the 
control signal value dIl is applied to the ?rst control signal 
input, the values of the inputs E1, E2, . . . , E” are not subjected 
to an OR combination With the values stored in the sto 
rage elements D1, D2, . . . , D” by the OR gates XORl, 
XOR2, . . . ,XOR”, especially since the storage elements D1, 
D2, . . . , D” are in this case in each case connected to the Zero 

inputs of the multiplexers MUXl, MUX2, . . . , MUXn. 
Allocating values Zero or one to the control signals c 1, 

c2, . . . , c” makes it possible to perform different combinations 

of the inputs E1, E2, . . . , En With the values stored in each case 
in the storage elements D1, D2, . . . , D”. These combinations 
can be selected differently at different times. 

If, for example, cl:c3:c4: . . . cn:l and c2:0 applies at a 
particular time, only the value present at the second input E2 
is not OR-combined With the value stored in the ?rst storage 
element D 1 arranged upstream. The values of the remaining 
inputs E1, E3, E4, . . . , E”, in contrast, are combined With the 
contents of the control signals D”, D2, D3, . . . , Dn_l in each 
case arranged upstream. 

Controlling the compactor in accordance With the ?rst 
compactor circuit 10 by means of the control signals c 1, 
c2, . . . , c” on the control lines 117-120 does not require any 

additional control circuit Which must be arranged betWeen the 
outputs of the circuit to be tested and/ or to be diagnosed as is 
described, for example, in document WO 01/38889 Al: 
Rajski, TyZer, “Method and apparatus for selectively com 
pacting test responses”. Instead, the control is advanta 
geously integrated into the compactor itself. 

FIG. 2 illustrates a second compactor circuit 11 of a second 
controllable compactor. 
The second compactor circuit 11 differs from the ?rst 

compactor circuit 10 in that an additional second controlled 
AND gate 125 is provided. The inputs of the second con 
trolled AND gate 125 are formed by the output of the storage 
element D” and by a second control signal input 124 Which 
carries the control signal s. The output of the second con 
trolled AND gate 125 forms the compactor output from 
Whichias in the ?rst compactor circuit 10ia line branches 
off Which is conducted to the ?rst input of the ?rst controlled 
AND gate 115. 

If the control signal s of the second control signal input 124 
is equal to one, the controlled compactor shoWn in FIG. 2 is 
functionally equivalent to the controlled compactor shoWn in 
FIG. 1. If, in contrast, the control signal s is equal to Zero, the 
output value of the storage element D” is set to the value Zero 
independently of the value previously assumed by this output 
value of the storage element D”. 

In current electronic circuits, indeterminate unpredictable 
values often occur during the testing Which are then called X 
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values. If such an X value is output by the storage element D” 
at any time, the values of the storage elements D l and D3 and, 
a feW clock cycles later the contents of a number of further 
storage elements of the controlled compactor, are indetermi 
nate via the feedback lines 121 and 122 Which leads to an 
indeterminate state and to an indeterminate signature of the 
compactor. In this case, it is no longer possible to make 
reliable statements about the correctness of the circuit tested 
and/ or diagnosed. 

If in the case, Where the storage element D” outputs such an 
indeterminate X value, the value of the control signal s of the 
second control signal input 124 is set to Zero, such an X value 
is replaced by the determinate value Zero. This ensures the 
state of the controlled compactor and its output remain pre 
dictable. 

It is clear to an expert that he can also use a controlled OR 
gate instead of the second controlled AND gate 125. In this 
case, the value output by the storage element D” is replaced by 
the value one. Similarly, a controlled NAND gate or a con 
trolled NOR gate could be used. The multiplexer connections 
can be sWapped When the drive is inverted. 

FIG. 3 illustrates a third compactor circuit 12 of a further 
controllable compactor. 

The controllable compactor shoWn in FIG. 3 is a modi?ed 
signature register of the ?rst type according to document L. 
Voelkel and J. Pliquet: Signaturanalyse, Akademie-Verlag, 
Berlin, 1988. 

Components and elements of the third compactor circuit 12 
corresponding to components and elements of the ?rst com 
pactor circuit 10 and of the second compactor circuit 11 are 
marked by the same reference symbols in FIG. 3 and Will not 
be explained separately. 

According to a ?rst difference With respect to the ?rst 
compactor circuit 10, the third compactor circuit 12 does not 
provide an OR gate XOR'3. Instead, the output of the second 
storage element D2 is connected directly to the input of the 
third OR gate XOR3 and, in parallel, to the Zero input of the 
third multiplexer MUX3. 

According to a further distinction With respect to the ?rst 
compactor circuit 10, a further OR gate XOR'l is provided in 
the third compactor circuit 12. The inputs of this OR gate 
XOR' l are connected to a feedback line 220 from the output of 
the second storage element D2, a second feedback line 221 
from the output of the third storage element D3 and a further 
feedback line 222 from the output of the nth storage element 
D”. 

According to a further distinction With respect to the ?rst 
compactor circuit 10, the ?rst controlled AND gate 115 in the 
third compactor circuit 12 is replaced by a third controlled 
AND gate 214. The inputs of the third controlled AND gate 
214 are formed by a third control signal input 223 Which 
carries the control signal d and by the output of the OR gate 
XOR' l. The output of the third controlledAND gate 214 leads 
to the Zero input of the ?rst multiplexer MUXl and, in paral 
lel, to the input of the ?rst OR gate XORl. 

If the third control signal input 223 is occupied by the 
control signal d:1, the feedback logic is sWitched on and the 
output values of the storage elements D2, D3 and D” are fed 
back via the feedback lines 220, 221 and 222 and via the third 
controlled AND gate 214. 

If the control line 117 of the multiplexer MUXl is occupied 
by the control signal c1:0, the output signals are fed back into 
the ?rst storage element Dl via the Zero input of the ?rst 
multiplexer MUX 1. If the control line 117 is occupied by the 
control signal c 1:1, feedback into the ?rst storage element D 1 
is effected via the ?rst OR gate XORl and via the one input of 
the multiplexer 1. 
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If, for example, a shift register With linear feedback and 

maximum length is to be implemented for an actual value n, 
the required feedback lines are determined by the coef?cients 
of a primitive feedback polynomial of degree n also in the 
third compactor circuit 13, as described, for example, in 
document P. H. Bardell, W. H. McAnney and J. Savir: “Built 
In Test for VLSI: Pseudorandom Techniques”, NeW York, 
1987, pp. 285-287. 

If all control lines 117 to 120 are occupied by the control 
signals cl, c2, . . . , cn:0 at a particular time and, at the same 

time, the third control signal input 223 is occupied by 
the control signal d:1, the values present at the inputs E1, 
E2, . . . , E” are not combined With the values stored in the 

storage elements D1, D2, . . . , D” because the storage elements 
D1, D2, . . . , D” are in each case connected to the Zero inputs 

of the multiplexers MUXl, MUX2, . . . , MUXn in this case. 
Analogously to compactor circuits 10 and 11, different 

combinations of the inputs E1, E2, . . . , E” with values in each 
case stored in the storage elements D1, D2, . . . , D” can also be 

implemented in the compactor described by the third com 
pactor circuit 12 by individually specifying the values for the 
control signals cl, c2, . . . , c” as Zero or one. These combina 

tions can be selected to be different at various times. 
FIG. 4 illustrates a fourth compactor circuit 13 of a further 

controllable compactor and a diagrammatic representation of 
scan paths, connected to the controllable compactor, of an 
integrated circuit 14. 
The fourth compactor circuit 13 corresponds to the third 

compactor circuit 12, the variable n assuming the value 4 and 
the controllable compactor, in consequence, comprising a 
total of four inputs El-E4, four multiplexers MUXl-MUX4, 
four exclusive OR gates XORl-XOR4 and four storage ele 
ments Dl-D4. 

The control lines of the multiplexers MUXl-MUX4 are 
identi?ed by the reference symbols 320-323, the further OR 
gate is identi?ed by the reference symbol 315, the fourth 
controlled AND gate is identi?ed by the reference symbol 
314 and the fourth control signal input is identi?ed by the 
reference symbol 313. 
The integrated circuit 14 has four scan paths SCI-8C4. A 

circuit With scan paths can be operated in tWo different 
modes. Apart from a normal operating mode, a scan mode is 
implemented in Which data can be shifted into and out of the 
storage elements con?gured as scan chains. During the test or 
during the diagnostic analysis, the storage elements of the 
scan paths, combined as scanned chain, are loaded With the 
test vectors or With the diagnostic vectors in scan mode. In a 
subsequent step, the data shifted into the storage elements of 
the scan paths are processed by the combinatorial circuit 
section of the circuit to be tested or to be diagnosed in oper 
ating mode and the result of this processing is stored in the 
storage elements of the circuit. The result stored in the storage 
elements of the scan paths is subsequently shifted out in scan 
mode and output at the outputs A1, . . . ,A4 of the scan paths 
Whilst the next test or diagnostic vectors are shifted into the 
scan paths at the same time. 

During the test of such circuits, the data output by the scan 
paths are accumulated to a signature in a shift register With 
preferably linear feedback With n parallel inputs as is knoWn 
to the expert. If the signature determined does not match the 
signature previously calculated, the tested circuit is faulty. 
A detailed description of the use of scan paths for testing 

and diagnosing digital circuits is not necessary here since it is 
knoWn to an expert. The use of scan paths is described, for 
example, in document M. Abramovici, M. Breuer and A. 
Friedman: “Digital Testing and Testable Design”, Computer 
Science Press, 1990. 



US 7,814,384 B2 
1 5 

FIG. 4 illustrates that the data ull, u2l, u3l, u4l, usl, u12, 
u22, . . . are stored inthe scanpath SCI, the data tll, t2l, t3l, t4l, 
t51,t12,t22, . . . are stored inthe scan path SC2, the data s11, s21, 
s31, s41, s51, s12, s22, . . . are stored in the scan path SC3 and the 
data r11, r21, r31, r41, r51, r12, r22, . . . are stored in the scan path 
SC4. These data can be shifted out in the scan mode of the 
integrated circuit to be tested. 

The integrated circuit 14 has four scan paths SC 1-SC4. The 
four outputs A 1 -A4 of the integrated circuit 14 are in each case 
connected to the four inputs El-E4 of the controllable com 
pactor. 

Firstly, the signature of the circuit to be tested is deter 
mined. In this process, all control signals cl, c2, c3, c4 ofthe 
multiplexers MUXl, MUX2, MUX3, MUX4 are selected as 
one. In the case of an error, the circuit must be diagnosed. The 
output signatures must then be determined for different value 
combinations of the binary control signals cl, c2, c3, C4 in 
successive runs. 

It can be seen that the circuit of FIG. 4, occupied With the 
values of the control signals cl:c2:C3:c4:1, functionally 
operates like a quite normal shift register With linear feedback 
With fourparallel inputs E1, E2, E3 and E4 and the signature of 
a test can be formed in the usual manner knoWn to an expert. 

If then the signature is errored, the diagnostic analysis is 
begun. 

In the text Which folloWs, the diagnostic analysis according 
to the invention is explained by using an error-correcting 
hamming code With four information points 11l:l.1, uZ?, u3:s 
and u4:r and With three control points v1, v2 and v3. Such a 
hamming code is knoWn to the expert, for example from 
document S. Lin and D. Costello: “Error Control Coding, 
Fundamentals and Applications”, Prentice-Hall, EngleWood 
Cliffs, N.]., 1983, and does not need to be explained here in 
greater detail. 

The information points are detected at inputs El-E4, the 
control points are determined from the information points as 
described in the text Which folloWs. 

The control points v1, v2 and v3 are determined from the 
correct information points by the folloWing equations: 

The symbol “69” represents exclusive OR combination 
XOR. The correct information points are designated by u 1, u2, 
u3 and u4 and the information points actually obtained during 
the test or during the diagnostic analysis are designated by U1, 
U2, U3 and U4. 

It is assumed that a part of the information points ul, u2, u3 
and u4 can be disturbed in U1, U2, U3 and U4. The relationship 
betWeen the correct values and the values of the information 
points actually observed is usually described by the relation 

for i:1, . . . , 4 Where e:(el, e2, e3, e4) forms the error vector, 
the values of Which are available in binary form. If ei:1, the 
ith information bit Ul- is errored. Ifei:0, the ith information bit 
Ul- is correct. 
From the information bits U1, U2, U3 and U4 actually 

obtained, the actual control points V1, V2, V3 are determined 
by means of the folloWing system of equations: 
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Because (U1: U2: U3: U4):(u1s 112: 113s u4)®(els e2: e3: e4): 

the folloWing holds true: 

Where (S 1, S2, S3) usually called the syndrome of the error (e1, 
e2, e3, e4), Which in this case only relates to the information 
points, in the theory of the error-correcting code. 

It can be seen that each error Which corrupts one bit of the 
information points can be detected from its different syn 
drome. Thus, the one-bit errors, Which can be described by the 
error vectors (1,0,0,0), (0,1,0,0), (0,0,1,0) and (0,0,0,1), and 
Which corrupt the ?rst, the second, the third and the fourth 
information bit, lead to different syndromes (1,1,1), (1,1,0), 
(1,0,1) and (0,1,1). 

If no error is present and (e1, e2, e3, e4):(0,0,0,0) applies to 
the error vector, the syndrome is (0,0,0). 

If then simply the XOR sums S IIVIGBVI, SZIVZGBV2 and 
S 3:V3 @v3 are determined from the observed and the correct 
control points of the hamming code, the values of the syn 
drome of any error Which may be present are obtained from 
Which the associated error vector, and thus the point Which 
has been corrupted in the information points, can be inferred 
in the case of an error Which only corrupts one bit of the 
information points. 

In the test mode, the value of the control signal present on 
the control line 313 is set as d:1. This makes it possible to 
calculate the signature. This is knoWn to the expert and does 
not need to be explained further, therefore. 

In diagnostic mode, the value of the control signal present 
on the control line 313 is set as d:0 so that the output of the 
fourth controlled AND gate 314 becomes equal to Zero and 
the feedback logic of the fourth controllable compactor is 
interrupted. At the output 326 of the fourth controllable com 
pactor, the values yo, yl, y2, . . . output successively, are then 

observed. They represent the sequence of output values or, 
respectively, the output signature. If the storage elements D1, 
D2, D3 and D 4 are Zero in their initial state, the folloWing holds 
true for speci?ed values c:(c 1, c2, c3, c4) of the control signals 
of the control lines 320, 321, 322 and 323 for the values output 
at output 326: 

yo = 0 

_ 1 
y1(c) - 04m 

_ 1 1 
MC) — 0M2 @0351 

_ 1 1 1 
y3(C) — 04"3 690352 690211 

_ 1 1 1 1 
MC) — 04"4 690353 690212 6901141 

_ 1 1 1 1 
ys(c) — 04"5 690354 690213 6901142 

_ 2 1 1 1 
MC) — 0411690355 69cm 6901143 

2 2 1 1 
M0) = 04"2 (80351690215 6901144 

This can also be Written as 

K611621631 C4):C4r@c3s@c2z@c1u 

in compact form. 
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The following 4-bit Words 

are then in each case interpreted as the four information points 
of the error-correcting hamming code observed, With four 
information points and With three control points. 

The output signatures y1<t),y2(t), y3<t),y4(t), y5<t),y6(t>, 
y7(c), y8(c), are then those values of the control points of the 
hamming code Which correspond to the actual value of the 
control variables c:(cl, c2, c3, c4). The number of control 
points is equal to 3 and accordingly, the test must be repeated 
three times. During the three repetitions of the test, the values 
ofthe control variables c:(cl, c2, c3, c4) of the control lines 
320-323 of the multiplexers MUXl, MUX2, MUX3 and 
MUX4 are selected in accordance With the coe?icients in the 
equations for determining the control points for the informa 
tion points of the code. 

The ?rst control point V1 is determined as VIQIGBtGBs. The 
values of the control signals for the ?rst application of the test 
are therefore c1:1, c2:1, c3:1, c4:0. 

The second control point v2 is determined as v2q1€9t€9r 
The values of the control signals for the second application of 
the test are, therefore, c1:1, c2:1, c3:0, c4:1. 

For the third control point v3, v3q1€9s€9r applies Which is 
Why the values of the control signals for the third application 
ofthe test are cl:1, c2:0, c3:1, c4:1. 

The syndrome at time i is designated by Si. The syndrome 

forms the XOR sum of the control points of the correct circuit 
and the control points of the tested circuit Which may be 
errored. 

The folloWing applies for the hamming code considered. 

Where the one-dimensional outputs of the controlled compac 
tor, Which are also called output signature, are designated 
With yl-k(c) Without feedback for the error-free circuit and as 
yl-b for the circuit actually observed Which may be faulty. The 
values of the correct error-free circuit are usually determined 
by simulation. 

If, for example, S1:S2:S3:(0,0,0), S4:(1,1,0), S5:(0,0,0), 
S6:(1,1,1) and S7:(1,1,1), the error vectors corresponding to 
the syndromes are el:e2:e3:e5:(0,0,0,0), e4:(0,1,0,0), e6: 
(l,0,0,0) and e7:(1,0,0,0). 

It can be seen that the second bit in the fourth block [r4l, 
s3l,t2l,ull], and thus the value s31, the ?rst bit in the sixth 
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block [rl2,s5 l,t5 lu3 1], and thus the value r12, and the ?rst bit in 
the seventh block [rl2,s12,t5lu41], and thus the value r22 are 
identi?ed as corrupted. 
The errored scan cells have been marked by the symbol “*” 

in FIG. 4. 
Similarly to the exemplary embodiment described, a mul 

tiplicity of errored scan cells are correctly identi?ed by 
simple error-correcting hamming code in the general case. If 
a hamming code is used, the single restriction for error detec 
tion lies in the fact that tWo scan cells Which are simulta 
neously errored must not be located on a secondary diagonal 
in the scan paths. Such a secondary diagonal Would be 
described, for example, by the ith cell in the scan path SC 1, by 
the (i+l)th cell in the scan path SC2, by the (i+2)th cell in the 
scan path SC3, and by the (i+3)th cell in the scan path SC4. 

If such a condition cannot be accepted, another error-cor 
recting linear block code, for example a so-called BCH code 
can be used as described, for example, in document M. Abra 
movici, M. Breuer and A. Friedman: “Digital Testing and 
Testable Design”, Computer Science Press, 1990. It is then 
possible to correctly identify up to T errored scan cells Which 
are located on a diagonal, T being a selectable parameter of 
the code. 

In the text Which folloWs it is explained hoW an indetermi 
nate value, Which is also called an X value, is treated in the 
controllable compactor. 
Assuming that the value t2l in the scan path SC2 is indeter 

minate so that, in the test performed, it is not possible to 
predict Whether t2l assumes the value 0 or 1. If the indeter 
minate value t2 1 is output at the output A2 of the scan path SC2, 
the control signal c2 on the control line 321 of the multiplexer 
MUX2 must be set to the value 0 so that the output of the 
storage element D 1 is conducted via the 0 input of the multi 
plexer MUX2 into the input of the folloWing storage element 
D2. There is then no connection from input E2 into the fol 
loWing storage element D2 so that the indeterminate value t2l 
does not have any in?uence on the values in the storage 
elements D l-D4 of the controllable compactor. In this 
arrangement, it is not necessary to set the indeterminate value 
t2l to a determinate value in order to ensure the presence of a 
de?ned value in the storage elements D l-D4. 

FIG. 5 illustrates a ?fth compactor circuit 15 of a further 
controllable compactor. 
The ?fth compactor circuit 15 corresponds to the ?rst com 

pactor circuit 10, an AND gate 44, the output of Which leads 
to the ?rst storage element D1, being provided instead of the 
?rst OR gate XOR l and instead of the multiplexer MUX l . The 
tWo inputs of the AND gate 44 are formed by the ?rst input E 1 
and by the control line 416 Which carries the control signal c 1 . 

The control lines 417 and 418 of the second multiplexer 
MUX2 and of the nth multiplexer MUXn correspond to the 
control lines 118 and 120 shoWn in FIG. 1. Using the control 
lines 417 and 418, the control signals c2 and c” can be applied 
to the multiplexers MUX2 and MUXn. 
The output 116 of the storage element D” is connected to an 

input of an OR gate 415 via a data line 420. The output of the 
exclusive OR gate 415 is connected to the input of a storage 
element D'l. The output of the storage element D'l is con 
ducted to the input of the storage element D'2. The output of 
the storage element D'2 is connected, on the one hand, to the 
input of the storage element D'3 and, on the other hand, fed 
back to a further input of the exclusive OR gate 415 via a 
feedback line 427. The output of the storage element D'3 is 
connected to the input of the next storage element. The output 
of the mth storage element D'm is fed back to a further input of 
the exclusive OR gate 415 via a further feedback line 428. 
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The exclusive OR gate 415 and the storage elements D'l, 
D'2, D'3, . . , D'm together With the feedback lines 427 and 428 
form a shift register With linear feedback. The design of such 
a shift register With linear feedback is known to the expert and 
Will not be explained further, therefore. 

If the feedback is continuously not needed for operating the 
controllable compactor according to the ?rst compactor cir 
cuit 10 from FIG. 1, the control signal d on the control line 123 
is continuously equal to Zero. The feedback lines 121 and 122 
then continuously carry the value Zero Which is then also 
continuously present at the Zero input of the ?rst multiplexer 
MUXl and at the second input of the ?rst XOR gate XORl. It 
can be noticed that the ?rst multiplexer MUXl With the 
upstream ?rst XOR gate XORl is logically equivalent to an 
AND gate With the tWo inputs c 1 and E1, the output of Which 
is conducted to the storage element D1. 

In this case, an expert Will simply omit the AND gate 115 
and the feedback lines 121 and 122 and replace the ?rst 
multiplexer MUXl With the control signal c1 and With the 
up stream ?rst XOR gate XOR 1 With a simple AND gate, at the 
?rst input of Which the ?rst input E1 is connected and the 
second input of Which carries the control signal c 1 of the saved 
multiplexer MUX 1. 

FIG. 6 illustrates a sixth compactor circuit 16 of a further 
controllable compactor. 

The sixth compactor circuit 16 corresponds to the third 
compactor circuit 12, the sixth compactor circuit 16 having 
further storage elements D'l, D'2, . . . D'n into Which no inputs 
of the scan paths can be coupled. These further storage ele 
ments D'l, D'2, . . . D'n are in each case arranged directly 
folloWing the storage elements D1, D2, . . . D”. At the end 
of the sixth compactor circuit 16, further storage elements 
D'n, . . . D'k are located. In the controllable compactor accord 

ing to the sixth compactor circuit 16, the number of storage 
elements is greater than the number of inputs E1, . . . , E”. 

The feedback lines 620-622 in each case branch off after 
the storage element D' 1, after the storage element D” and after 
the last storage element D', to the inputs of the OR gate 
XOR'l. 

Although speci?c embodiments have been illustrated and 
described herein, it Will be appreciated by those of ordinary 
skill in the art that a variety of alternate and/or equivalent 
implementations may be substituted for the speci?c embodi 
ments shoWn and described Without departing from the scope 
of the present invention. This application is intended to cover 
any adaptations or variations of the speci?c embodiments 
discussed herein. Therefore, it is intended that this invention 
be limited only by the claims and the equivalents thereof. 

The invention claimed is: 
1. An electrical diagnostic circuit for the testing and/or the 

diagnostic analysis of an integrated circuit comprising: 
a plurality of external inputs (En) for receiving digital val 

ues; 
a plurality of essentially similar, series-connected sWitch 

ing units comprising: 
each sWitching unit is connected to one external input for 

receiving a test signal of an integrated circuit; 
each sWitching unit has an internal input for an input 

signal from a sWitching unit arranged upstream or 
doWnstream, 

the sWitching units are con?gured to be controllable 
such that an input signal present at the internal input of 
a sWitching unit, in dependence on a control signal of 
the sWitching unit, is forWarded either unchanged to 
the internal input of the sWitching unit arranged 
doWnstream or to the circuit output and/or are fed 
back to an internal input of a sWitching unit arranged 
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upstream, or are combined With the test signal in each 
case present at the external input and the combination 
value determined from this combination is forWarded 
to the internal input of the sWitching unit in each case 
arranged doWnstream or to the circuit output and/or is 
fed back to the internal input of one of the sWitching 
units arranged upstream; and 

a circuit output for outputting an output value. 
2. The electrical diagnostic circuit of claim 1, comprising 

Wherein each sWitching unit has one gate, comprising an 
exclusive OR gate, one multiplexer and one storage unit. 

3. The electrical diagnostic circuit of claim 2, comprising 
Wherein each external input (En) leads to one input each of the 
exclusive OR gate, each internal input leading to one external 
input each of the multiplexer arranged doWnstream and, in 
parallel, to one second input each of the associated exclusive 
OR gate, each output of the exclusive OR gate leading to one 
second input each of the multiplexer and each output of the 
multiplexer leading to one input each of the storage element, 
the output of Which represents the output of the sWitching 
unit. 

4. The electrical diagnostic circuit of claim 2, comprising 
Wherein the internal input of at least one sWitching unit, in 
dependence on the control signal of the sWitching unit, is 
connected to the ?rst input of the multiplexer or to the second 
input of the exclusive OR gate. 

5. The electrical diagnostic circuit of claim 1, comprising 
Wherein the electrical diagnostic circuit has a controllable 
feedback unit, connected to the circuit output, Which is con 
structed in such a manner that the output value is fed back to 
at least one internal input of a sWitching unit. 

6. The electrical diagnostic circuit of claim 5, comprising 
Wherein the feedback unit is present as a controllable gate, 
particularly as a controllable AND gate and has a control 
signal input, the controllable gate being constructed in such a 
manner that the output value is be fed back to at least one 
internal input of a sWitching unit if a predetermined value is 
present at the control signal input. 

7. The electrical diagnostic circuit of claim 5, comprising 
Wherein the sWitching units of the electrical diagnostic circuit 
in each case have at least tWo, particularly series-connected 
storage units (D1, D'l; . . . ; D”, D'n), the output of the last 
storage unit (D' 1, . . . , D'n) in each case of each sWitching unit 
forming the output of the relevant sWitching unit. 

8. The electrical diagnostic circuit of claim 5, comprising 
Wherein at least one further storage unit, not belonging to a 
sWitching unit, is provided Which is connected to the output of 
a sWitching unit of the electrical diagnostic circuit. 

9. The electrical diagnostic circuit of claim 5, comprising 
Wherein the feedback unit has an OR gate, particularly an 
exclusive OR gate, one input of the controllable gate being 
connected to the output of the OR gate and the inputs of the 
OR gate being formed by at least tWo feedback lines Which in 
each case branch off after at least one sWitching unit and/or 
after in each case one storage unit. 

10. The electrical diagnostic circuit of claim 5, comprising 
Wherein the feedback unit has a further controllable gate, 
particularly a controllable AND gate, a controllable OR gate, 
a controllable NAND gate or a controllable NOR gate, the 
inputs of the further controllable gate being formed by a 
further control signal input and by the output of the last 
sWitching unit, and the output of the further controllable gate 
forming the circuit output. 

11. The electrical diagnostic circuit of claim 5, comprising 
Wherein at least one further gate, particularly an exclusive OR 
gate is provided Which is in each case located betWeen sWitch 
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ing units arranged in series, the output value present at the 
circuit output being conducted to an input of this further gate. 

12. The electrical diagnostic circuit of claim 1, comprising 
wherein a selection circuit, which is intended for controlling 
the electrical diagnostic circuit, is provided at the inputs (En) 
of the electrical diagnostic circuit. 

13. The electrical diagnostic circuit of claim 1, that is 
integrated monolithically on the integrated circuit to be tested 
and/or to be diagnosed. 

14. A probe card for testing integrated circuits, the probe 
card having an electrical diagnostic circuit as claimed in one 
of claim 1. 

15. A load board for receiving a probe card for testing 
integrated circuits and/or with one or more test sockets for 
testing integrated circuits and/or for connecting a handler to a 
tester of integrated circuits, the load board having an electri 
cal diagnostic circuit as claimed in claim 1. 

16. A tester with measuring sensors, particularly for cur 
rents and voltages and with instruments for generating digital 
signals or datastreams, the tester having an electrical diag 
nostic circuit as claimed in claim 1. 

17. An electrical diagnostic circuit for the testing and/ or the 
diagnostic analysis of an integrated circuit comprising: 

a plurality of external inputs (E.sub.n) for receiving digital 
values; 

a plurality of essentially similar, series-connected switch 
ing units comprising: 

each switching unit is connected to one external input for 
receiving a test signal of an integrated circuit; 

each switching unit has an internal input for an input signal 
from a switching unit arranged up stream or downstream, 

the switching units are con?gured to be controllable such 
that an input signal present at the internal input of a 
switching unit, in dependence on a control signal of the 
switching unit, is forwarded either unchanged to the 
internal input of the switching unit arranged down 
stream or to the circuit output and/or are fed back to an 
internal input of a switching unit arranged upstream, or 
are combined with the test signal in each case present at 
the external input and the combination value determined 
from this combination is forwarded to the internal input 
of the switching unit in each case arranged downstream 
or to the circuit output and/or is fed back to the internal 
input of one of the switching units arranged upstream; 
and 

a circuit output for outputting an output value comprising 
wherein the ?rst switching unit has an AND gate and a 
storage unit and in that all further switching units have 
one gate each, particularly an exclusive OR gate (XOR 
.sub.2-XOR.sub.n), one multiplexer each and one stor 
age unit each. 

18. The electrical diagnostic circuit of claim 17, compris 
ing wherein the ?rst external input leads to the ?rst input of 
the AND gate and a control line leads to the second input of 
the AND gate, the output of the AND gate leading to the 
storage unit, the output of which represents the output of the 
?rst switching unit, and in that each further external input in 
each case leads to one input of the in each case associated 
exclusive OR gate, each internal input of the switching units 
in each case leading to a ?rst input of the downstream multi 
plexer and, in parallel, to a second input of the respective 
exclusive OR gate, each output of an exclusive OR gate in 
each case leading to a second input of the downstream mul 
tiplexer and each output of the multiplexer in each case lead 
ing to an input of the downstream storage element, the output 
of which represents the output of the switching unit. 
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19. The electrical diagnostic circuit of claim 18, compris 

ing wherein for all switching units except the ?rst switching 
unit, the internal input is connected to the ?rst input of the 
multiplexer and to the second input of the exclusive OR gate. 

20. The electrical diagnostic circuit of claim 17, compris 
ing wherein the output of the last switching unit is connected 
to a shift register with linear feedback. 

21. The electrical diagnostic circuit of claim 20, compris 
ing wherein the shift register with linear feedback has an 
exclusive OR gate, a number of series-connected storage 
elements (D' 1, . . . , D'm) and at least one feedback line, which 

branches off after a storage element (D' 1, . . . , D'm) and which 

leads/lead to in each case one input of the exclusive OR gate, 
the ?rst storage element (D' 1) being connected to the output of 
the exclusive OR gate. 

22. A method for testing and/or for the diagnostic analysis 
of an integrated circuit, comprising: 

providing an electrical diagnostic circuit which has n exter 
nal inputs for receiving test data of n parallel datastreams 
of an integrated circuit to be tested and/or to be diag 
nosed and which is capable of generating signatures 
from the received test data, the test data present at the n 
external inputs selectively being included or not 
included in the generation of the signatures, 

connecting the electrical diagnostic circuit to the integrated 
circuit to be tested and/or to be diagnosed, in such a 
manner that the n inputs of the electrical diagnostic 
circuit are present at the n outputs of the integrated 
circuit; 

controlling the switching units of the electrical diagnostic 
circuit in such a manner that the test data in each case 
present at the external inputs are included in the genera 
tion of the signatures; 

detecting and processing the test data of the integrated 
circuit to be tested and/ or to be diagnosed to form at least 
one signature in one or in more successive test runs 

through the electrical diagnostic circuit; 
checking the signature for correctness by comparing the 

signatures determined in the test with the correct signa 
ture stored in the tester or determined by the tester; 

if at least one errored signature has been determined, car 
rying out the following processes: 

performing k successive test runs, wherein in each case 
only those data, present at the external input, of the n 
datastreams in the jth run are included in the compacting 
in the electrical diagnostic circuit if the binary coeffi 
cient al-J- of the equations for determining the control 
points of a linear separable error-correcting code with n 
information points u 1, . . . , u” and with k control points 

v1, . . . ,vkis equal to one, the k control points v1, . . . ,vk 

being determined by the k binary equations 

from the n information points; 
determining the errored elements in the n datastreams, 

particularly the errored scan cells of the diagnosed inte 
grated circuit from the deviations of observed output 
signatures yb output by the electrical diagnostic circuit at 
its output in the k test runs 



US 7,814,384 B2 
23 

from the corresponding correct output signatures yk 
[y1k,y2k,y3k, - - - 1 

Where n, k, j and y are integers greater or equal to 1 (n, k, 
j, y; 1). 

23. The method of claim 22, comprising Wherein the datas 
treams are data Which are shifted out of the scan paths of an 
integrated circuit. 

24. The method of claim 22, comprising Wherein the elec 
trical diagnostic circuit is an electrical diagnostic circuit as 
claimed in claim 1. 

25. The method of claim 22, comprising Wherein the elec 
trical diagnostic circuit is constructed on a probe card as 
claimed in claim 14, on a load board as claimed in claim 15 or 
on a tester as claimed in claim 16. 

26. The method of claim 22, comprising Wherein the 
sWitching units are activated by means of a control signal in 
such a manner that the input signals present at the internal 
inputs of the sWitching units are combined With the test data 
in each case present at the external inputs and that the com 
bination values in each case determined from these combina 
tions are forwarded to the internal inputs of the sWitching 
units in each case arranged doWnstream. 

27. The method of claim 22, comprising Wherein all control 
signals ciJ, léiék, léjén ofthe multiplexers (MUXI, . . . , 
MUXn) are selected to be one. 

28. The method of claim 22, comprising Wherein if the 
electrical diagnostic circuit has a feedback unit, it is activated 
in such a manner that it does not feed back. 

29. The method of claim 22, comprising Wherein if the 
electrical diagnostic circuit has a feedback unit, it is activated 
in such a mariner that it does not feed back. 

30. The method of claim 22, comprising Wherein perform 
ing successive test runs is carried out as folloWs: 

carrying out k successive test runs, Wherein a control point 
is determined With each run in accordance With the fol 
loWing rule from the information points until all control 
points (vk) have been determined, 

Wherein the coef?cients al-J- With léiék, léj én, 
assume the values Zero or one, the sWitching units of the 
electrical diagnostic circuit being controlled in such a 
manner that the test data present at the jth external input 
in the ith run are only subjected to a combination in the 
sWitching units if the control signal cl-J, With léiék, 
léj én, assumes the value one, Whereby the control 
signal cl-J assumes the value Zero if the associated coef 
?cient al-J assumes the value Zero or if an indeterminate 
value in the datastream is to be blanked out. 

31. The method of claim 22, comprising Wherein the value 
of the control signal present at the ?rst input of the AND gate 
assumes the value Zero if an indeterminate value is present at 
the output of the upstream storage element D”, and thus at its 
second input. 

32. The method of claim 22, comprising Wherein perform 
ing successive test runs is carried out as folloWs: carrying out 
k successive test runs by the sWitching units of the electrical 
diagnostic circuit being controlled in accordance With the 
binary coef?cients al-J of the equations for determining the 
control points v1, . . . vk of a linear separable error-correcting 
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code With n information points u 1, . . . , u” and With k control 

points v1, . . . , vk, in such a manner that the test data (u, t, s, 

r) present at the jth external input (E) in the ith run are only 
subjected to a combination in the sWitching units of the elec 
trical diagnostic circuit When the binary control signal cl-J, 
With léiék, léj én, assumes the value one, Whereby the 
control signal ciJ assumes the value Zero When the associated 
coe?icient al-J in the linear equations for determining the k 
control points of the error-detecting code assumes the value 
Zero or When an indeterminate value in the datastream is to be 
blanked out, the k control points v1, . . . , vkbeing determining 
form the k binary equations 

from the n information points. 
33. The method of claim 32, comprising Wherein the mul 

tiplexers of the sWitching units are controlled by the control 
signals. 

34. The method of claim 32, comprising Wherein a selec 
tion circuit Which controls the input into the electrical diag 
nostic circuit is provided betWeen the outputs (A) of the 
integrated circuit and the inputs (En) of the electrical diag 
nostic circuit. 

35. Using the method of claim 22 for testing and/ or for the 
diagnostic analysis of printed board assemblies or of circuit 
boards. 

36. A tangible storage medium comprises a computer pro 
gram for testing an integrated circuit comprising: 

providing an electrical diagnostic circuit Which has n exter 
nal inputs for receiving test data of n parallel datastreams 
of an integrated circuit to be tested and/or to be diag 
nosed and Which is capable of generating signatures 
from the received test data, the test data present at the n 
external inputs selectively being included or not 
included in the generation of the signatures, 

connecting the electrical diagnostic circuit to the integrated 
circuit to be tested and/or to be diagnosed, in such a 
manner that the n inputs of the electrical diagnostic 
circuit are present at the n outputs of the integrated 
circuit; 

controlling the sWitching units of the electrical diagnostic 
circuit in such a manner that the test data in each case 
present at the external inputs are included in the genera 
tion of the signatures; 

detecting and processing the test data of the integrated 
circuit to be tested and/ or to be diagnosed to form at least 
one signature in one or in more successive test runs 

through the electrical diagnostic circuit; 
checking the signature for correctness by comparing the 

signatures determined in the test With the correct signa 
ture stored in the tester or determined by the tester; 

if at least one errored signature has been determined, car 
rying out the folloWing processes: 

performing k successive test runs, Wherein in each case 
only those data, present at the external input, of the n 
datastreams in the jth run are included in the compacting 
in the electrical diagnostic circuit if the binary coef? 
cient al-J- of the equations for determining the control 
points of a linear separable error-correcting code With n 
information points u 1, . . . , u” and With k control points 




